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Abstract. This study aims the application of three alternative drying technologies (spray 
drying, fluid bed and freeze drying) to evaporate and immobilize the bioactive components of plant 
hydrophilic extracts on different natural matrices. Three different powdered formulas were obtained 
from watery extracts, e.g. 15% leaves of Persian walnut (Juglans regia), European Mistletoe (Viscum 
album) and white willow bark (Salix alba) mixed with three different matrices (maltodextrin, lactose 
and salt) in a weight ratio 90:10. The mixes were evaporated by three alternative methods (spray 
drying, fluid bed and freeze drying) to obtain powdered formulas. By UV-Vis spectrometry and FTIR 
spectroscopy there were monitored the phenolic derivatives and their stability comparing the 
concentration in the initial extract and after drying. The concentration of phenolic derivatives 
decreased differently after drying, depending on the technology and the matrix. The best results were 
obtained for willow extract on salt, using spray drying technology, with recovery rates above 50%. 
The behaviour of the matrices was different during the drying process: the most reliable was 
maltodextrin used in spray drying and salt, used in fluid bed drying. By freeze drying, lactose and salt 
gave best results, but this technology was considered more expensive. Finally, the best procedure was 
found to be spray drying, due to its rapidity and the continuity of drying for a long period of time, 
being the most economic, while freeze drying assured reliable composition by slow vaporization 
process at low temperatures. The willow formula proved to be the most concentrated in phenolics and 
reccomended to be used as biodesinfectant. 
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INTRODUCTION 
Advanced technologies are applied nowadays to evaporate plant extracts under 
protective conditions (lower temperatures and short time) in order to preserve their bioactivity 
and potential.(Desobry et al., 1997; Hottot et al., 2004; Zhao  et al., 2013; Zhang et al. 2010). 
Spray drying is the most used technology in the food industry and pharmaceutical 
industry. The process is continuous allowing for the drying temperature and the product flow 
rate to be kept constant or to be carefully adjusted during the drying process (Masters, 1991; 
De Souza et al., 2009). Fluid bed drying is a most protective technique using a “bottom –up” 
flow of hot air to dry, agglomerate and concentrate different products (Grace et al., 2008), at 
lower temperatures (max. 80oC), being suited also for alcohol extracts. This process can be 
easily controlled and transferred from laboratory to industrial use. The powder obtained is a 
fine dust but this must be carefully maneuvered, it can be explosive and can cause damage 
and injury (Araruna et al., 2013). Fluid bed drying is used in the food industry to dry and for 
coating different products, for pharmaceutical applications (Desobry et al., 1997; Jaros and 
Pabis, 2006). 
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 Freeze drying, known as cryoliophilization removes water by freezing at low 
atmospheric pressure and consists of four steps: pre-treatment, freezing, primary drying and 
secondary drying (Patapoff et al., 2002; Builders et al., 2010). Pre-treatment are often used to 
protect the sensitive material agents from the crystallization of the water, which can destroy 
cell membranes. The freezing process is slow, at temperatures between -500C and -800C at 
pressures, up to minibars (Hottot et a.l, 2004). Primary drying is used to extract most of the 
water, up to 95%. Under these conditions the water is passing from ice to gas, in a process 
that can last up to 2–3 days. A condenser is used to separate water, the secondary step of 
drying being used to extract the remaining water, chemically bonded to the product 
(Pathomwichaiwat et al., 2012). Freeze drying is suited for heat sensitive material such as 
proteins, enzymes, microorganisms and blood plasma, is more expensive but is better in 
protecting labile molecules to low temperatures.  
Plants like willow, walnut or mistletoe are known as rich sources of polyphenolic 
derivatives with antimicrobial potential and it was proved previously by our investigations 
(Niamh et al., 2009; Çelik and Wendel, 2005; Pop, 2013). Polyphenols are a large 
heterogeneous group of compounds characterized by hydroxylatedphenyl moieties, the most 
active as antimicrobials being the phenolic acid derivatives and flavonoids (flavanones, 
flavones and isoflavones, dihydroflavonols, flavonols, flavan-3-ols, anthocyanidins and 
proanthocyanidins) (Day and Harborne, 1993; Harborne and Williams, 2000; Cardonaa et al., 
2013; Neveu et al., 2010). Polyphenols are occurring in different plants, including foods such 
as fruits, cereals, tea, coffee, wine (Rice-Evans et al., 1996; Sarica et al., 2005) and also 
ornamental and medicinal plants (Areej et al., 2013; Couto et al., 2012) and proved efficient 
anticancer and antimicrobial properties (Nichenametla, 2006). 
The polyphenols from different plants extracts have a protective effect against 
oxidative stress, which is inversely correlated with atherosclerosis development and 
cardiovascular events (Mhamed et al., 2012). Therefore natural extracts, have been reported 
to possess various biological effects including antioxidant, antimicrobial (Qadan et al., 2005) 
and anti-inflammatory activities (Chizzola et al, 2008; Kale et al., 2022) Although, the anti-
oxidative and antimicrobial properties of thyme were intensively studied (Amarowicz et al, 
2009; Papageorgiou  et al., 2008; Werner and  Ros, 2010; Deepinderjeet and Sachin, 2013). 
We aimed in this experiment to make a comparison between different drying 
methods (spray drying, fluid bed and freeze drying) in order to demonstrate which is the most 
efficient method to immobilize the active phenolic components from three plant sources, 
Persian walnut (Juglans regia), European Mistletoe (Viscum album) and White willow bark 
(Salix alba), in order to obtain a powdered formulas with bio disinfectant activity for 
industrial or medicinal purposes. 
 
MATERIALS AND METHODS 
 
Extract preparation and characterization of phenolics by spectrometry. Dried leaves 
of Persian walnut (Juglans regia) and European Mistletoe (Viscum album) as well White 
willow bark (Salix alba) were used as aliquots of 150 g to obtain extracts 15% in 850 ml 
distilled water acidulated with HCl 1%. The raw extracts were obtained after 48 hrs 
maceration and then filtered and kept in a freezer until processing. The filtered extract was 
analyzed as such and dried by different methods, using three types of matrices: maltodextrin 
(MD), lactose (LA) and salt (S) mixed with the plant extract, in a ratio 10:90. 
The total phenolics content of fresh extracts was determined by Folin-Ciocâlteu 
method (Folin and Ciocalteu, 1927), using the UV-Vis spectrometry to measure the 
absorption of the final complex with the Folin reagent being measured at 765 nm and 
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expressed in gallic acid equivalents (GAE) per ml extract. After drying procedures, the total 
phenolics content was determined again in the soluble extract of 10 g powder mixed with 90 
ml distilled water (10x dilution). All determinations were done in duplicate. 
To determine the theoretical final concentration of phenolics after drying, we 
considered the formula: cD (mg GAE/ml powder extract) = (90 cI + 10) / 100, where cI – mg 
GAE in the initial extract; cD- expected concentration after drying and diluting the powder 
10% in water. All fresh extracts and powders were comparatively characterized by Fourier 
Transform Infrared spectrometry, using a Shimadzu IR Prestige-21 spectrophotometer with 
ATR (Horizontal Attenuated Total Reflectance) device. The absorption intensity was 
measured from 600 to 4000 cm-1. The fingerprint of each extracts and powders after drying 
were compared. 
Equipments and methods used for drying. Three different procedures where used 
to evaporate water from the plant extract-matrix mixes. In all drying techniques, three types of 
matrices were used: maltodextrin (produced by Glucidex, France) salt (produced by Salrom, 
Romania) and lactose (produced by Pharmatose, Netherland). 
Spray drying (SD). The spray dryer used for this experiment was a Mobile Minor 
Niro GEA type MM-PSR, with a nuzzle having 1 mm outlet diameter.  The spray dryer is 
using hot air to evaporate all the water content from an extract or from a viscous liquid 
(Masters, 1991; De Souza et al. 2009) atomization being made by pressurized air. The hot air 
from the drying chamber evaporates the moist from the droplets formed instantaneously and 
then form the fine droplets a powder is made. The extract mixed homogeneously with each of 
the three matrices was taken by a pump and pushed into the nuzzle, making small droplets of 
sizes between 100 to 200 micron. After the water release, the powder was pulled into a 
cyclone where it was separated according to its density (Masters, 2002; Langrish and 
Premarajah, 2013). In our experiments, the input temperature was set at 1800C and the output 
temperature at 45oC. 
Fluid bed drying (FB) was applied using Glatt equipment (Glatt, Switzerland) is 
using hot air to dry, agglomerate and concentrate different products. Each matrix was inserted 
into the main chamber and a flow of hot (input temperature 800 C) air was introduced from the 
bottom of the chamber, providing the heating. The air flow was set in a manner that the 
powder hade a boiling aspect. After starting the output temperature had stabilized at 400C.  
The extracts were sprayed from the top using a laboratory pump, according to a previous 
procedure (Mao and Tirtowidjojo, 2008). When all the extract was sprayed the product was 
kept in the drying chamber another 20 min to evaporate all moisture.  
Freeze drying (FD) was applied using an Alpha 1-2 LD plus freeze dryer (made in 
Australia). Samples were made using row extract, mixt whit 10% matrix. The samples were 
put in a freezer for 24 hours. After freezing the samples 2 10 hours cycles were made to 
evaporate all water from the mix. For the main drying the temperature was set at –550C, whit 
a pressure of 0.12 mbar and a duration of 7 hours, as for the final drying a temperature of – 
50C, whit a pressure of 0.12 mbar was used for a period of 3 hours. Between the cycles the 
probes where placed into a freezer at -250C.  
  
RESULTS AND DISCUSSIONS 
 
1. Characterization of procedures and products obtained from plant extracts. 
Figure 1 includes the image of products obtained from each plant extract (walnut vs 
mistletoe, vs White willow) immobilized on the three different matrices:  maltodextrin (MD), 
lactose (LA), salt (S) and the specific drying protocols (main parameters) used for Spray 
drying (SD), Fluid bed drying (FB) and Freeze drying (FD).  
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In these conditions we considered the relative, comparative values obtained in 
different matrices. Salt matrix was the most reliable matrix, with the best behavior during SD, 
FB and FD. Lactose gave similar values by FB and FD, while maltodextrin is recommended 
only for FD technology. Meanwhile, using spray drying procedures, it was found that the 
quantity of the polyphenols recuperated was around 94 – 96% (Fang and Bhandari, 2011) 
 
 SPRAY DRYING (SD) FLUID BED DRYING (FB) FREEZE DRYING (FD) 
Drying 
procedur
e 
Input temperature: 1800C 
Output temperature: 450C  
Pump flow: 380ml/min 
Input temperature: 800C 
Output temperature: 400C  
Pump flow: 28ml/min 
Main drying –550C,Vacuum 
Pump: 0.12 mbar 
Final drying –50C,Vacuum  
Pump: 0.12 mbar  
Matrix MD S S LA S LA 
Salix 
alba 
 
 
 
 
 
 
Viscum 
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Juglans 
regia 
 
 
 
 
 
 
Fig. 1. Powdered formulas obtained using the three different extracts Persian walnut (Juglans regia), 
European Mistletoe (Viscum album), White willow bark (Salix alba), immobilized on three different 
matrices: maltodextrin (MD), lactose (LA), salt (S) using the three drying procedures: spray drying, 
Fluid bed drying and freeze drying. 
Different physical properties, which differentiate the powders, depending on the 
extract, technology and matrix properties can be observed. Generally, by FB technology the 
color of powders was red-brown and deeper than for powders obtained by SD and FD. 
Significant differences were observed between the willow powder and walnut vs mistletoe, 
especially the ones immobilized on salt, using FB technology. The deeper coloring can be 
attributed to the oxidizing effect induced by the temperature regimes as well by the salt, 
known an oxidizing matrix.  
2. The polyphenol content of extracts and powdered formulas. The mean values of 
polyphenols content found in the initial extracts, comparatively with the polyphenols in the 
powdered products are presented in Table 1. We can notice that, generally the realized 
concentrations cR of phenolics after drying represented more than 50% of the theoretical 
concentrations cD. Very good results were obtained using SD technique, which gave higher 
polyphenolic concentrations before and after drying. Willow extract proved to be the richest 
source of phenolics (2.6 mg GAE/ ml extract) and reached (considering the dilutions) a final 
effective concentration of 1.53 on MD and 1.50 on salt. For willow, the best results were 
obtained by SD and FD, FD being more recommended to be realized on LA matrix. Good 
recovery of phenolics was noticed for nut extract by FB on S or LA. For mistletoe extract, SD 
proved to reach the highest yield of phenolic recuperation, 82% on MD.  
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Tab. 1  
Mean values of polyphenol concentration (expressed in mg GAE/ml in initial extracts), comparatively 
with the powdered products obtained by SD, FB and FD procedures.  There were compared the 
theoretical concentrations in the dissolved powder (cD) with the realized concentrations (cR).  
All determinations were done in duplicate.MD-Maltodextrin; S-salt; LA-lactose. 
 
SD 
(mg GAE / ml SD powder 
extract 10%) 
FB 
(mg GAE / ml FB 
powder extract 10%) 
FD 
(mg GAE / ml FD 
powder extract 10%) 
Extract  TP 
(mg GAE/ 
ml 
extract) 
MD S LA MD S LA MD S LA 
Salix 
alba 
2.60 cD = 2.44 
cR =1.53 
2.44 
1.50 
- - 2.44 
1.32 
2.44 
1.61 
- 2.44 
1.51 
2.44 
1.88 
Viscum 
album 
1.00 cD = 1.00 
cR =0.82 
1.00 
0.52 
- - 1.00 
0.51 
1.00 
0.55 
- 1.00 
0.51 
1.00 
0.66 
Juglans 
regia 
1.21 cD = 1.19 
cR =0.60 
1.19 
0.70 
- - 1.19 
0.70 
1.19 
0.82 
- 1.19 
0.70 
1.19 
0.71 
 
3. Characterization of extracts and powdered formulas by infrared 
spectrometry (FTIR). Figure 2 a and b represent the comparative FTIR spectra of initial 
extracts of Persian walnut (Juglans regia), European Mistletoe (Viscum album), White willow 
bark (Salix alba), while Figure 3 represents the spectra of the powdered formulas obtained 
from Salix alba.  
 
Fig. 2a. Comparative FTIR spectra (600-3500 cm-1) of the three plant extracts 
of Persian walnut (Juglans regia), European Mistletoe (Viscum album) and 
White willow bark (Salix alba). 
 
The whole FTIR spectra scanned from 600-3500 cm-1 can separated in four areas of 
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interest (marked from 1 to 5 in Fig. 2a) between 600-910 cm-1 (1), 1000-1250 cm1 (2), 1300-
1700 cm-1 (3-4), and 2900-3300 cm-1 (5). Our data are in agreement with the Infrared data 
obtained by Fu et al. (1994) and Costantino et al. (1997).  
Specific differences were observed in the fingerprint region, which was also splitted 
in 3 areas (Fig. 2b), visible differences of the peak shapes being noticed below 800 cm-1 and 
between 1000-1300 cm-1. 
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Fig. 2b. The comparative FTIR fingerprint region (600-1400 cm-1) characteristic to Persian walnut, 
European Mistletoe and White willow bark extracts (left) and comparatively the fingerprint of willow 
extract after immobilization on MD and S(right). 
  
Table 2 shows the values obtained for the main absorption peaks, identified in the 
extracts of Persian walnut (Juglans regia), European Mistletoe (Viscum album) and White 
willow bark (Salix alba) extracts. The phenolic derivatives (flavonoids and phenolic acid) 
compounds can be found in area 1, between 640 and 910 cm-1, in agreement with Robbins 
(2003) and Ramchoun et al. (2012).  
 
Tab. 2  
Main absorption peaks identified for the extracts of Persian walnut (Juglans regia),  
European Mistletoe (Viscum album) and White willow bark (Salix alba) extracts 
 
Extract Area 1 
600-970 cm-1 
Area 2 
1000-1250 cm-1 
Area 3-4 
1300-1700 cm-1 
Area 5 
2900-3300 cm-1 
Salix alba 634, 763, 819, 865 1041, 1232 1446, 1608, 1718 2937, 3238 
Juglans regia 632, 667, 775, 812, 871 1045, 1224, 1319 1647, 1732 2935, 3278 
Viscum 
album 
590, 605, 632, 786, 866 1047, 1215 1508, 1543, 1645, 1716 2933,1716 
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By FTIR spectra it was possible to fingerprint each plant extract, namely to find in 
the area 1, 2 and 3-4 the best markers. For Salix alba, the specific peaks (marked in bold in 
Table 2) were located at 763, 1232, 1446 and 1608 cm-1, for Juglans regia the specific peaks 
(marked in bold in Table 2) were located at 667, 775, 812, 1224, 1319 cm-1, while for Viscum 
album the specific peaks were located at 590, 605, 786, 1508, 1543 cm-1. The region 5 was 
not specific, but region 600-970 cm-1 proved to be the most specific, related to their 
polyphenolic content. 
CONCLUSION 
 
There were obtained different powdered formulas rich in phenolic derivatives with 
antimicrobial effect, to be used as bio disinfectants, valorizing available Romanian plant 
sources.  The powdered formulas were obtained from hydrophilic extracts 15% from Persian 
walnut (Juglans regia), European Mistletoe (Viscum album), White willow bark (Salix alba). 
Their concentration of phenolic derivatives was different, highest for willow bark.  
Using three alternative technologies of drying (spray-drying, fluid bed drying and 
freeze drying) there were obtained 21 products, namely 7 products from each plant, mainly 
powders on salt and lactose as matrix for the extracts using spray-drying, fluid bed drying and 
freeze drying, and only 1 product per plant, using maltodextrin as matrix, by spray drying 
procedure. 
By considering the phenolic concentrations in the initial extracts and in the powders 
after drying procedures, one can conclude that yields of phenolic recovery were superior to 
50% in all cases (dependent on drying procedure and matrix type). Very good results were 
obtained using spray drying but also by freeze drying technique, especially on willow extract, 
where the powders reached in 10% solution to have 1.53 mg GAE/ ml ( on maltodextrin) and 
1.88 mg GAE/ ml ( on lactose). Good recovery of phenolics was noticed also for walnut and 
mistletoe extracts, generally SD reaching highest yields of phenolic recuperation, up to 82% 
on MD.  
The behavior of the matrices was different in the drying process: the best was 
maltodextrin used in spray drying and salt used in fluid bed drying. The freeze drying with 
lactose and salt also gave good results, but the technology is more expensive. We consider 
that spray drying is the most appropriate technique to immobilize phenolic-rich extracts on 
maltodextrin or salt, due to its rapidity and the continuity of drying for a long period of time, 
being finally the most economic. The FTIR spectroscopy proved to be a very rapid and 
reliable technique to fingerprint, directly, without any processing, each plant extract, before 
and after drying procedures.  
Finally, the best procedure was found to be spray drying, due to its  rapidity and the 
continuity of  drying for a long period of time, being the most economic, while freeze drying 
assured reliable composition by slow vaporization process at low temperatures. The willow 
formula proved to be the most concentrated in phenolics and recommended to be used as bio-
disinfectant.  
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